Abstract. Preoperative excess iodide administration for patients with graves' disease has been widely adopted by surgeons to perform surgery safely, because it decreases blood flow in the thyroid. However, surgeons often encounter the enlargement of thyroid volume after iodide administration, which makes surgery even more difficult. In this study, we retrospectively investigated the change in thyroid volume in graves' disease that was evaluated on ultrasonography between before and after iodide administration. Eighty-nine patients who received iodide administered (KI(+) patients) and 24 in whom iodide was not administrated (KI(-) patients) before surgery for Graves' disease were enrolled in the study. The level of free T4 (FT4) significantly decreased and that of thyroid stimulating hormone (TSH) significantly increased after iodide administration. Average thyroid volume also significantly increased for KI(+) patients after iodide administration and 17% of these patients showed a 30% or more increase in thyroid volume. In KI(-) patients who were preoperatively treated only by anti-thyroid drugs, thyroid volume did not change before surgery. Preoperative TSH levels remained below measurement sensitivity in 37 of KI(+) patients, but the average thyroid volume also significantly increased after iodide administration. These findings suggest that thyroid volume in Graves' disease can increase with iodide administration not only due to TSH stimulation but also due to reasons other than TSH. Surgeons should be careful when preoperatively iodide administering to patients with Graves' disease, especially when the goiter is large.
PreoPerAtive excess iodide administration is a widely used strategy for surgery on Graves' disease. This strategy was first advocated in the 1920s [1, 2] and has been widely adopted by surgeons in order to perform operations safely. To date, many studies have demonstrated that iodide inhibits blood flow in the thyroid gland in euthyroid humans and in patients with graves' disease using various investigative approaches, including evaluation of intrathyroid blood flow on ultrasonography and of microvessel density [3] [4] [5] [6] [7] [8] [9] . The mechanisms underlying blood flow reduction by iodide are unknown. Recently, Yamada et al. showed that iodide inhibits the expression of some genes related to angiogenesis, such as vascular endothelial growth factor (VegF)-a, VegF-b, and placental growth factor (PgF) in cultured human thyroid follicles from patients with graves' disease and speculated that the downregulation of these factors at least partly accounts for the iodide-induced decrease in thyroid blood flow [10] . In contrast, Namba et al. demonstrated that iodide administration increased the thyroid volume of 10 male euthyroid volunteers together with significant increases in serum thyroid stimulating hormone (TSH) level [11] . Furthermore, surgeons often encounter thyroid enlargement with graves' disease patients after iodide administration, which makes surgery difficult. However, to date, there have not been any studies in a large series investigating the changes the remaining 24 patients, who were classified as KI(-) patients. The thyroid volume of each subject was measured by high resolutional ultrasonic scanner (aplio 80, Toshiba medical systems, Tokyo, Japan) and calculated as described previously [12] .
Statistical analysis
statistical analysis was performed using statView 5.0. The chi-square test, Man-Whitney U test and student t test were adopted for comparing variables. P values less than 0.05 were considered significant.
results
we retrospectively investigated changes in thyroid volumes between the two measurement points; the first measurement point, before or during the administration of aTd for kI (-) patients and also before administration of KI for KI(+) patients, which was within 6 months before surgery; the second measurement point, after the administration of aTd for kI(-) patients and also after the administration of KI for KI(+) patients, which was 1-3 days before surgery. The average period between the first measuring point and surgery were 2.5 + 1.3 months for KI(+) patients and 3.0 + 1.3 months for KI(-) patients, respectively, and there was no significant difference between these groups. The thyroid volumes were evaluated on ultrasonography, but ultrasonographic findings did not differ between the two groups. As indicated in Patients and methods, the applied dose of kI and dosing periods varied among patients, but TSH level, free T4 (FT4) concentration and change in thyroid volume were not related to the total dose of KI (data not shown). Table 1 summarizes the backgrounds and clinical features of KI(+) and KI(-) patients. Age, gender, TsH receptor antibody (Trab), average thyroid volume, surgical duration and blood loss during surgery did not differ between KI(+) and KI(-) patients. regarding thyroid functions at the first measuring point, FT4 level did not differ between KI(+) patients and KI(-) patients but TSH level in KI(+) patients was significantly lower (p = 0.012) than that in KI(-) patients. Table 2 indicates the change in FT4 concentration, TSH level, and thyroid volume in KI(+) and KI(-) patients between the two measurement points. In KI(+) in the thyroid volume of patients with graves' disease based on a comparison of volumes before and after iodide administration. In this study, therefore, we retrospectively investigated whether and how preoperative excess iodide administration affects thyroid volume in Graves' disease.
Patients and Methods

Patients
Between March 2006 and February 2008, 348 patients underwent initial surgical treatment for graves' disease. In our department, all patients underwent ultrasonography and their thyroid volumes were measured 1-3 days before surgical treatment. Of these 348 patients, 103 who had other thyroid diseases such as benign or malignant nodules and primary hyperparathyroidism, 73 whose thyroid volumes were not measured within 6 months before surgery, and 17 who were administered potassium iodide (kI) for longer than 1 month were excluded from our series. Furthermore, 37 patients whose thyroid volumes exceeded 200 cm 3 , and 5 who demonstrated a higher TsH level than normal, and were also deleted from the study. This is because it is difficult to accurately evaluate the thyroid volume of patients whose thyroid volume exceeded 200 cm 3 on ultrasonography and TsH higher than the normal range could directly affect thyroid enlargement. The remaining 113 patients whose thyroid volumes were previously measured at least one time on ultrasonography within 6 months before surgery were enrolled in this study.
Administration of iodide and evaluation of thyroid volume
anti-thyroid drugs (aTd) were administered to all patients. Whether or not KI would also be administrated was individually decided by surgeon. Of these 113 patients, 89 were administered kI ranging from 38 to 114 mg per day for 7 to 18 days before surgery and classified as KI(+) patients. The average dose of kI per day, total dose of kI, and dosing periods of KI(+) patients were 64.6 + 18.3 mg, 729.7 + 344 mg, and 11.0 + 3.7 days, respectively. The applied dose of kI and dosing periods were decided by surgeons on a case-by-case basis depending on the thyroid function of each patient. There was no iodide administered to 89 KI(+) patients, 40 (45%) showed 10% or more increase and 15 (17%) showed 30% or more increase in thyroid volume. Six of 24 KI(-) patients (25%) also showed 10% or more increase in thyroid volume, but none of these patients showed 30% or more increase.
Of 89 KI(+) patients, preoperative TSH remained below measurement sensitivity in 37. Table 4 shows the change in FT4 and TSH levels and thyroid volume of these patients after iodide administration. Although the TsH level remained low, the average thyroid volume significantly increased (p = 0.008) after iodide administration.
we investigated morphological differences using tissue specimens of Hematoxylin & eosin staining sections. Findings were compared between the two groups based on nodularity, papillary growth, vacuolapatients, FT4 level significantly decreased and TSH level significantly increased after iodide administration (p < 0.001). Furthermore, the average thyroid volume was significantly larger (p = 0.002) after iodide administration compared with that before iodide administration. Also in KI(-) patients who were treated only with ATD, FT4 level decreased (p = 0.003) and TSH level increased (p = 0.01) at the second measurement point compared with that at the first measurement point. Average thyroid volume in KI(-) patients, however, did not differ between these two measurement points, in contrast to KI(+) patients. Table 3 demonstrated the increase in thyroid volume of KI(+) and KI(-) patients in more detail. The rate of increase in thyroid volume was larger in KI(+) patients than that in KI(-) patients (p = 0.027). Of thyroid was induced by TsH stimulation in response to iodide administration [11] . Our series of KI(+) patients also showed a significant elevation of TSH level (p < 0.001) after iodide administration. Although TsH levels of kI(-) patients were also elevated between the two measurement points, probably due to aTd administration, the difference was less significant than that of KI(-) patients (p = 0.01). Since thyroid volume did not change in kI(-) patients, it is possible that TsH elevation plays a role in the thyroid volume increase with graves' disease, similar to that in the normal thyroid.
However, we also showed that thyroid volume was significantly increased in KI(+) patients whose preoperative TsH levels remained below the measurement sensitivity. It is therefore suggested that thyroid volume increase can occur for reasons unrelated to TsH stimulation. Yamada et al. showed that, in human follicular cells, a high concentration of iodide not only detion, lymphocyte infiltration and fibrosis. As shown in Table 5 , there were no morphological differences between patients with and without administration of KI.
Discussion
In this study, we compared increases in thyroid volume between patients with graves' disease with and without preoperative iodide administration. Although the rate of increase in thyroid volume varied by case in both groups, the average thyroid volumes were significantly increased in KI(+) patients but not in KI(-) patients. Furthermore, 17% of KI(+) patients, but none of the KI(-) patients, showed a 30% or greater increase in thyroid volume. Namba et al. showed volume increase in the normal thyroid following iodide administration, which was associated with serum TsH elevation, showing evidence that hypertrophy of the did not differ between KI(+) and KI(-) patients, indicating that it is doubtful whether iodide administration always makes surgery easier by reducing intraoperative bleeding. Meanwhile, we demonstrated a significant increase in the thyroid volume of Graves' disease patients elicited by preoperative iodide administration. Therefore, iodide administration may make surgery even more difficult in certain cases because of the thyroid enlargement. Furthermore, since 17% of KI(+) patients but none of KI(-) patients showed a 30% or greater increase in thyroid volumes, careless iodide administration for a huge goiter may even promote a risk of asphyxia due to the narrowed airway. Therefore, surgeons should consider the application of iodide administration for graves' disease and be careful when administering iodide for graves' disease patients especially those with a large goiter.
creased the expression of certain angiogenetic factors but also increased the expression of VegF-c gene, a lymphangiogenesis factor, possibly via the mediation of tumor growth factor (TGF)-β [10] . Therefore, it is speculated that hyperplasia of the lymph channel may play a role in the increase of thyroid volume in patients with Graves' disease. However, in our histological study using H & E sections, we could not find any morphological difference between patients with and without KI administration. Therefore, the mechanisms of thyroid enlargement by iodide administration as well as the reasons for individual variations in the change in thyroid volumes of patients belonging to both groups remain unclear and further histological and molecular studies are required to elucidate them. although previous reports demonstrated that iodide administration reduces blood flow in the thyroid [3] [4] [5] [6] [7] [8] [9] , our data showed that surgical duration and blood loss
